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Introduction
Although descriptions of the right inferior phrenic artery (RIPA) and left inferior phrenic artery (LIPA) are typically very brief and lacking in detail in anatomy textbooks, they have received increased attention in recent years in the clinical literature. This stems largely from the discovery of the involvement of the right (most frequently) or left inferior phrenic arteries in the arterial supply and growth of hepatocellular carcinoma (HCC). 1, 2 Indeed, the great importance of such knowledge lies in the fact that an unresectable HCC can be treated by transcatheter embolization of not only its typical blood supply, the right or left hepatic arteries, but also by embolization of a RIPA, if involved. [1] [2] [3] [4] Accordingly, with the appropriately targeted utilization of certain current cancer treatments hinging on a thorough knowledge of the origin of the IPA, our current study aimed at establishing this very fact. There are few publications concerning the role and detailed anatomy of the IPA with respect to their involvement in HCC 1,2,5 and, similarly, few have been produced with direct focus on the elucidation of the origin and distribution of these arteries. [9] [10] [11] Because transcatheter embolization of HCC and other hepatic neoplasms often involves finding the root of the RIPA, the interventional radiologist or oncologist could potentially benefit from knowledge of common variations in origin of these vessels and their respective frequencies of occurrence. The importance of the IPA is not limited to the treatment of HCC. Practically any hepatic neoplasm (including metastatic disease to the liver) may receive blood supply from the IPA. In addition, there have been reports of gastric hemorrhage due to bleeding from the LIPA after treatment of the left gastric artery with embolization.
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Vascular variations are constantly observed in dissection of adult cadavers. 13 The inferior phrenic arteries usually originate from the aorta or celiac artery, and less frequently from the renal, hepatic or left gastric arteries. The roentgenographic anatomy of the phrenic arteries has been described in detail by Kahn et al. 14 They contribute to the arterial supply of the adrenal glands and are thus important in angiographic examinations for adrenal lesions. 14, 15 In general, these vessels, which supply the diaphragm, are of small caliber. 13, 16, 17 The purpose of this study was to analyze the origin of the inferior phrenic arteries.
Methods
Thirty-two human adult cadavers preserved in formalin, obtained from the departments of anatomy, Kasturba Medical College, Manipal and Mangalore were dissected and the origin of the inferior phrenic artery was studied. The ages of the cadavers ranged between 28-56 years. To dissect the abdominal aorta, the pancreas was removed with the aid of scissors. All the ganglions and the nervous tissue around the arteries were removed with the aid of a pincer and scissors to allow observing the disposition of these inferior phrenic arteries. After resection of tissues subjacent to the diaphragmatic crura and adherent tissues all along the median arcuate ligament, these structures were exposed, allowing observation of the origin of the IPA.
Results
The inferior phrenic artery showed a variant origin in four out of 32 cases. It was seen to arise directly from the celiac trunk in two cases (Figures 1 and 2 ) and there was one case arising from the left gastric artery ( Figure 3 ) and another from the right renal artery (Figure 4 ). The observations have been tabulated below in Table 1 and Figure 5 . 
Discussion
Considering the paucity of information presently available concerning these arteries, a more definitive study seemed appropriate and necessary, both for its potential clinical applications and to provide additional data to contemporary anatomical literature. In describing the origins of the IPA, the fourth edition of Mastery of Surgery 11 gives only brief mention of the aorta or The English edition of Gray's Anatomy 10 gives a slightly more complete account, claiming origins from the aorta or celiac trunk, variably from common trunks, and possibly from the renal artery. The American edition of Gray's Anatomy 9 gives the most complete textbook account, claiming origins from both the celiac trunk and aorta, as well as describing common trunk origins and mentioning alternative origins, including the renal or accessory renal arteries, the left gastric, hepatic, and gonadal arteries. Interestingly, none of these references provide statistical information regarding origin of either the RIPA or LIPA.
In their analysis of the inferior phrenic arterial involvement in HCC, Tanabe et al. 1 refer to other authors concerning the origins of the IPA, citing aortic and celiac trunk origins. The computed tomography (CT) study by Gokan et al. 2 described these arteries with slightly greater detail and included actual percentages. They found that the most frequent origins were from the aorta and celiac trunk, with 46% of specimens presenting an aortic origin, most commonly on the right side, and a celiac origin, most commonly on the left (52%). They also observed the RIPA arising from the right renal artery in 9% of cases studied. They mentioned alternative origins as well (left gastric, hepatic, superior mesenteric, and spermatic), stating that such origins occurred with < 4% frequency on either the right provided illustrations that depicted the IPA situated at various levels vertically, but originating only from the aorta or celiac trunk. No numerical data were provided in their study. In an examination of 68 Japanese cadavers, Piao et al. 6 found the majority of the IPA arising from the aorta (61.6%), with 28.2% of the IPA originating from the celiac trunk, and the remainder originating from either renal, left gastric, or middle adrenal arteries. Pick & Anson 7 gave an impressive account of their findings concerning various aspects of the inferior phrenic arteries in their dissection of 200 cadavers. Regarding origins, they found aortic and celiac sources to be the most common (45.1 and 47.8%, respectively). They claimed common trunks variably for both as well, and even a common origin with the right internal spermatic artery. They found that < 7% arose variably from the renal (5.8%), left gastric (2.3%), or hepatic arteries (0.3%). This work is by far the most complete account to date of the IPA origins.
However, in the current study the origin of the IPA arteries from the celiac trunk was observed in two cases (6.25%), one from the left gastric artery (3.125%) and one from the right renal artery (3.125%) out of the 32 cadavers. In the remaining 28 cases it had its normal origin from the abdominal aorta. Loukas et al. 19 reported that, out of 300 cadavers they studied, the right IPA originated from: a) celiac trunk in 40% of the specimens; b) aorta in 38%; c) renal in 17%; d) left gastric in 3%; and e) hepatic artery proper in 2% of the specimens. The left IPA originated from: a) celiac trunk in 47%; b) aorta in 45%; c) renal in 5%; d) left gastric in 2%; and e) hepatic artery proper in 1% of the specimens. The current study showed similar findings, except for the fact that the frequency of the IPA originating from the celiac trunk was much lesser.
The IPA is a major source of collateral or parasitized arterial supply to HCC, second only to the hepatic artery. 19 The right IPA was always associated with HCC and served as the major collateral artery adjunct to the hepatic artery. These findings could have major implications in the transcatheter embolization of HCC patients. The knowledge of this type of variation shows that surgeons must be cautious to avoid unintentional sectioning of small-caliber arteries, as it may occur during celiac artery decompression in compression syndrome of the celiac trunk by the median arcuate ligament.
Presence of a supernumerary renal artery (as observed in case 4) is due to the abnormal disappearance or lack of formation of the lateral mesonephric arteries and their connecting channels. 20, 21 We hope this study has provided valuable data to researchers, clinicians and anatomists alike by enhancing the understanding of both the specific anatomy of the inferior phrenic arteries and their potential significance in supplying HCC and any number of other tumors, primary or metastatic, to the liver, such as cholangiocarcinoma, hepatoblastoma and subcapsular adenoma. 22 For the clinician, in particular, treatments such as transcatheter embolization of HCC call for extensive knowledge of all possible variations of these vessels, particularly their origins, and it is conceivable that the application of this data will prove useful in the discussion and treatment of other hepatic, suprarenal or even diaphragmatic lesions unforeseen at the present time. 19 
